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^'Device for adjustment of rotation angles" 

'rne invention relates to a device for adjusting 
rotation angles as claimed in the precharacterizing 
clause of patent claim 1 or 16. 

Devices such as these for adjusting rotation angles are 
used as rotation angle encoders in which electrical 
signals which are associated with the respective 
rotation angle setting are produced. A rotation angle 
encoder such as this with a handle for manual 
adjustment of the rotation angle can also be used, by 
suitable measures, as an electrical rotary switch. 

A device which is in the form of an electrical rotary 
switch for adjusting rotation angles is known from US- 
A-4 054 860. This device has a stator and a. rotor which 
is mounted on the stator such that it can rotate. 
Magnets are located on the rotor, to be precise 
pennanent magnets, by which means the magnets can be 
moved by means of the rotor. Magnetic field sensors 
which face the magnets, to be precise Hall sensors, are 
arranged on a mount on the device. The rotor can be 
moved between two or more rotation angle positions, 
such that the magnetic field sensors produce a signal, 
which corresponds to the respective rotation angle 
position, on the basis of the magnetic field that is 
caused by the magnets . 
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In one exemplary embodiment in US-A-4 054 860, the 
stator has a receptacle which is open on one side and 
is approximately in the form of a pot. The receptacle 
is used as a rotary bearing for the rotor. The magnetic 
5 field sensors are located on a printed circuit board, 
which is in turn mounted in the receptacle. The stator 
is thus also used as a mount for the magnetic field 
sensors . 

A comparable key-operated switch which is used as an 
ignition lock for a constructic'^ machine, is ;''\sclosed 
in WO 00/58 986 A. A magnetic sensor wnich operates on 
the Hall principle and is produced as a chip using CMOS 
technology is described in the publication by Steiner, 
R. et al., In-Plane Sensitive Vertical Trench-Hall 
Device", ELECTRON DEVICES MEETING, 1998, lEDM '98 
TECHNICAL DIGEST., INTERNATIONAL SAN FRANCISCO, CA, USA 
6-9 DEC. 1998, PISCATAWAY; N J , USA, IEEE, US, December 
6, 1988, pages 479 to 482. This magnetic sensor is 
sensitive parallel to its two-dimensional chip surface. 
However, the scientific publication does not disclose 
any more details relating to the arrangement of a 
magnetic sensor such as this in a rotary switch. 

25 One disadvantage that has been found with these known 
devices is their complexity, which leads to a rotary 
switch which is expensive and susceptible to faults, 
These devices therefore require two or more magnets and 
two or more magnetic field sensors. An additional mount 

30 is required for the arrangement of the magnetic field 
sensors. Overall, this is thus also a physically large 
rotary switch, which cannot be used in compact 
electrical appliances. In particular, a rotary switch 
such as this is not suitable for arrangement on a 

35 printed circuit board which holds the electronics for 
evaluation of the signals from the magnetic field 
sensors in a control panel on an electrical appliance, 
such as a washing machine or dishwasher. 



15 
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Furthermore, the documents which relates to these 
rotary switches contain no information relating to 
tolerance problems during assembly or the like, which 
5 can lead to corruption of the signals which are 
produced by the magnetic sensors when the rotor is in 
the initial position. In addition, manufacturing 
processes mean that the magnetic field sensor (which is 
an integrated semiconductor circuit) is also subject to 
10 tolerances in the signals that are produced. The known 
rotary switch is thus just as unsuitable for automotive 
mass production. 

US 5 644 225 A admittedly discloses calibration of a 
15 device for measuring rotation angles, which has a 
permanent magnet and a magnetic sensor. There, the 
calibration process is carried out in a complex manner 
by applying a corresponding additional magnetic field 
to the permanent magnet to magnetize it. This type of 
2 0 calibration thus appears to be rather unsuitable for a 
physically small rotary switch. 

The invention is based on the object of providing a 
device for adjusting rotation angles which is suitable 

25 for being arranged in a simple manner on a printed 
circuit board, for example on a control panel or the 
like, and which in particular is physically small . 
Furthermore, the device can be designed so as to allow 
compensation for the tolerances after assembly, in 

30 particular in a simple manner. 

For a device of this generic type for adjusting 
rotation angles, this object is achieved by the 
characterizing features of claim 1 or 16. 

35 

In the case of the device according to the invention, 
which in particular is in the form of an electrical 
rotary switch, the stator has a receptacle which is 
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open on one side and is in particular approximately in 
the form of a pot, which forms a rotary bearing for the 
rotor. Furthermore, the magnet is in the form of a two- 
dimensionally , diametrically magnetized permanent 
5 magnet and is arranged on the rotation axis of the 
rotor. The magnetic field sensor is in the form of a 
Hall sensor which is two-dimensional ly sensitive for 
magnetic fields parallel to its chip surface, and is 
mounted on that side of the receptacle which faces away 

10 from the open side. The magnetic field sensor is in 
this case arranged in the receptacle on the stator 
and/or on a part which its mounted in tL^ stator, as a 
result of which, in addition to its function as a 
rotating bearing for the rotor, the stator is at the 

15 same time used as a mount for the magnetic field 
sensor. The stator is thus a multifunction component in 
which two or more functionalities, which were 
previously provided separately, of the device are 
integrated, namely acting as a mount, as a rotating 

2 0 bearing, and, possibly, as a housing. 

In the case of the device according to the invention, 
the magnet can likewise be arranged such that it can be 
moved in order to adjust its position with respect to 

25 the rotor, thus allowing adjustment of the position of 
the magnet in one rotation angle position of. the rotor, 
with respect to the signal which is produced by the 
magnetic field sensor. Thus, during the adjustment 
process, the mechanical null point as defined by the 

30 rotor can be linked to the electrical null point of the 
device, as defined by the magnetic field sensor- 
Further refinements of the invention are the subject 
matter of the dependent claims. 

35 

The stator and/or the rotor may be composed of plastic, 
in particular of a thermoplastic. For example, 
polyamide may be chosen for this purpose. The stator 
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and /or the rotor are then expediently produced as an 
injection-molded part, so that these components can be 
produced in a simple and cost-effective manner. 

5 The device for adjusting the rotation angles can be 
designed to be particularly compact by the rotor being 
essentially, in particular completely, located in the 
receptacle. In this refinement, a surface of the 
receptacle which is located in the interior of the 

10 stator acts in a direct manner as a rotating bearing. 
In order to secure the rotor in the receptacle such 
that it cannot fall out, interacting latching elements 
can be provided in the receptacle, between the stator 
and the rotor. The magnetic field sensor may be mounted 

15 on that side of the receptacle which faces away from 
the open side, that is to say on the lower face of the 
stator. 

The conductor tracks for electrical connection of the 

20 magnetic field sensor can be arranged in a space-saving 
manner in the stator, with the conductor tracks 
expediently extending into the receptacle. The magnetic 
field sensor can then be soldered, welded, adhesively 
bonded by means of a conductive adhesive or the like 

25 directly to the conductor tracks, such that the 
conductor tracks at the same time become the part that 
is mounted on the stator, for arrangement of the 
magnetic field sensor. If the magnetic field sensor is 
an encapsulated chip with connections, then the 

3 0 connections can in this case be soldered to the 
conductor tracks in order to make electrical contact. 
To simplify the processes involved, the chip may be in 
the form of an SMD (Surface Mounted Device) component. 
If the magnetic field sensor is an unencapsulated chip, 

3 5 then the bonding wires, which in particular are welded 
to the chip, can be used to make electrical contact 
with the conductor tracks. 
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It is cost-effective for the conductor tracks to be in 
30 the form of a stamped grid composed of metal. The 
stamped grid can then be directly injected into the 
plastic for the injection-molded part in one process 
during the production of the stator. Alternatively, the 
conductor tracks can also be incorporated in the stator 
35 in the form of an MID (Molded Interconnected Device) 
component. This may be doi* for example, by using 
metalized plastic for the conductor tracks. 
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In order to save a separate housing, the exterior of 
the stator can be in the form of a housing. The 
mounting of the device for adjusting rotation angles 
can be simplified by arranging latching and/ or snap- 
5 action hooks on the housing in order to mount the 
stator on a holder. The open side of the receptacle in 
the stator expediently faces the holder, so that the 
holder covers the opening of the stator and at the same 
time forms a housing closure. It is particularly 

10 advantageous with regard to the costs and compactness 
for the holder to be a printed circuit board. Ti: 
conductor tracks in the stator can then make contact 
with associated conductor tracks on the printed circuit 
board, that is to say the electrical connection for the 

15 rotary switch is made via the printed circuit board. It 
is also possible for an electronic device to be 
arranged on the printed circuit board, in order to 
evaluate the signals which are produced by the magnetic 
field sensor- The printed circuit board can if required 

2 0 also be provided with a panel for an electrical 
appliance or the like, so that the rotary switch 
according to the invention is suitable for direct 
arrangement in a simple manner on the panel of an 
electrical appliance . 

25 

In order to operate the rotary switch ergonomically , 
the rotor may have a recess, into which a handle can be 
inserted, on the open side of the receptacle. By way of 
example, it may be possible to rotate the handle 

30 manually by means of a shaft. If the handle is located 
on that side of the holder which faces away from the 
housing, then an opening which corresponds to the open 
side of the receptacle in the stator can be located in 
the holder, through which opening the shaft passes for 

35 insertion into the recess. 



Particularly in the case of a device which is used as 
an electrical rotary switch, the rotation angle 
positions of the rotor are preferably in the form of 
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latching positions, thus making it possible to achieve 
unainbiguous switch positions in an ergonomic manner. 
The rotary switch emits, in particular, signal 
voltages. It may thus be advantageous for an electrical 
5 switch with a conventional electromechanical contact 
system to be additionally located in the housing of the 
rotary switch, as a mains switch, so that the rotary 
switch, at the same time may also switch the mains 
voltage. A rotary switch such as this can be used 
10 universally in an electrical appliance. 

As already mentioned, adjustment can be provided in 
order to compensate for tolerances which may occur 
during the production of the device according to the 

15 invention for adjusting rotation angles. The adjustment 
process can be carried out in a particularly simple 
manner for subsequently setting the magnet to the 
initial position if the magnet is mounted on the rotor 
such that it can rotate. A receptacle is expediently 

20 provided for this purpose in the rotor, facing the 
magnetic field sensor. In addition, an adjustment means 
for adjusting the position of the magnet can be 
arranged between the magnet and the rotor, in order in 
this way to ensure a reproducible adjustment capability 

25 using simple means. It is possible for the adjusting 
means to be in the form of an intermediate' piece which 
is mounted in the receptacle on the rotor such that it 
can rotate, with the magnet itself being mounted on the 
intermediate piece. 

30 

Despite its adjustment capability, the device for 
adjusting rotation angles can be designed to be 
particularly compact by making the magnet accessible 
for adjustment from the outside of the stator. Access 
35 can be provided via a receptacle in the stator, which 
is open on one side and is used as a rotating bearing 
for the rotor. An aperture is then expediently located 
in the rotor, extending from that surface of the rotor 
which faces the open side of the receptacle to the 
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magnet and/or to the intermediate piece. For fine 
adjustment, a type of Torx, cruciform slot or similar 
receptacle can be located in the magnet and/or in the 
intermediate piece, facing the aperture. This allows 
5 the adjustment to be carried out via the aperture by 
means of a tool which engages in the receptacle, for 
example by means of a screwdriver. 

In order to secure the adjusted position of the magnet, 
10 this can be connected to the rotor such that it cannot 
rotate. This can be done by adhesively b nding, 
welding, casting the magnet and/or the intermediate 
piece to the rotor, or fixing them in some other way, 
after adjustment. 

15 

The magnet is produced from a material which has 
magnetic particles and plastic in a refinement which is 
compact and is also cost-effective because it saves 
components. This material is molded, to be precise by 
20 means of injection-molding, in the form of a body such 
that the body at the same time represents the 
intermediate piece and the magnet. 

The advantages which are achieved by the invention are, 
25 in particular, that the stator is in the form of a 
single component, with two or more functionalities at 
the same time. Furthermore, there is no need for any 
separate component for holding the sensor, for example 
the printed circuit board that is conventionally used. 
30 This results in assembly advantages, in particular 
allowing the device to be manufactured in an automated 
manner. Furthermore, the device can be physically very 
small, thus allowing for it to be used even in 
constricted spaces. Finally, the cost of the device is 
35 also lower than that of conventional devices. 



Furthermore the direct placing of the magrnetic field 
sensor on the stator results in a reduction in the 
tolerance chain. All the mechanical tolerances that 
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occur between the magnetic field sensor and the magnet 
are eliminated. If required, the magnet can be adjusted 
for this purpose, during which process the mechanical 
null point of the device is linked to its electrical 
5 null point. This results in a defined initial situation 
which makes it possible to distinguish reliably between 
a greater number of rotation angle positions or 
switching positions. Thus, despite being physically 
compact, the device has more rotation angle positions 
10 than a conventional device, and can thus satisfy more 
str'naent require. 3nts, as well. 

Exemplary embodiments of the invention together with 
various developments and refinements will be described 
15 in more detail in the following text and are 
illustrated in the drawings, in which: 



Figure 1 shows a device, in the form of a rotary 
switch, for adjusting rotation angles in the 
20 form of a perspective view and partially 

sectioned. 

Figure 2 shows the stator as an individual part from 
Figure 1, 

25 

Figure 3 shows a section along the line 3-3 from 
Figure 2, and 

Figure 4 shows a section as in Figure 3 , corresponding 
30 to a different refinement. 



Figure 1 shows a device for adjusting rotation angles, 
and which is used primarily as an electrical rotary 
switch 1. A rotary switch 1 such as this may, for 
35 example, be arranged as a program selector switch in 
the panel of an electrical domestic appliance, such as 
a washing machine, a dishwasher or the like. 
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The rotary switch 1 has a stator 2 as well as a rotor 3 
which is mounted on the stator 2 such that it can 
rotate. A magnet 4 can be moved by means of the rotor 
3 . The magnet 4 has an associated magnetic field sensor 
5 5. In particular, the magnet 4 is a cylindrical 
permanent magnet, which is preferably magnetized two- 
dimensionally , diametrically, that is to say one half 
cylinder, which has a semicircular cross section, 
represents the north pole, and the other half cylinder 

10 represents the south pole of the magnet. The magnetic 
field sensor is, in particular, a Hall sense which is 
preferably sensitive in two dimensions for magnetic 
fields parallel to the chip surface of the Hall sensor. 
The rotor 3 can be moved between at least two rotation 

15 angle positions, thus varying the magnetic field which 
is produced by the magnet 4 in the area of the magnetic 
field sensor 5, so that the magnetic field sensor 5 
produces a signal which corresponds to the respective 
rotation angle position. 

20 

According to the invention, the stator 2 has a 
receptacle 8 which is open on one side 6 and is 
approximately in the form of a pot, as can be seen from 
Figure 2 or 3. The receptacle 8 forms a rotating 

25 bearing for the rotor 3. The magnetic field sensor 5 is 
arranged in the receptacle 8, directly on the stator 2 
and/or on the part which is mounted in the stator 2. 
Since the magnetic field sensor 5 is mounted on the 
stator 2, the stator 2 at the same time acts as a mount 

30 for the magnetic field sensor 5, thus avoiding the 
mounting plate which would otherwise normally be used 
for the magnetic field sensor in the switch. 
Furthermore, the stator 2 also carries out the function 
of the rotating bearing for the rotor 3 and, if 

35 rec[uired, also carries out the housing function. 



Various developments and further refinements of the 
rotary switch 1 will be explained in more detail in the 
following text. 
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The magnetic field sensor 5 is mounted on that side 7 
of the receptacle 8 which faces away from the open side 
6. The rotor 3 is essentially located in the receptacle 
5 8, as can be seen from Figure 1. For the sake of 
compactness, the rotor 3 may be located completely 
within the receptacle 8. One surface 25 of the 
receptacle 8 which is located in the interior of the 
stator 2 then acts as a rotary bearing. In order to 

10 secure the rotor 3 such that it cannot fall out of the 
receptacle 8, interactive latching elements 26, as 
shown in Figure 3, can be provided between the stator 2 
and the rotor 3. Furthermore, integrated conductor 
tracks 9 may also be located in the stator 2 , for 

15 electrical connection of the magnetic field sensor 5 to 
external connections 10 on the rotary switch 1. The 
conductor tracks 9 extend into the receptacle 8. The 
stator 2 is thus advantageously in the form of a 
multifunction part, which not only holds both the rotor 

2 0 3 and the magnetic field sensor 5 but also provides the 
electrical connection for the magnetic field sensor 5. 

The stator 2 and/or the rotor 3 are/ is composed of 
plastic, to be precise a thermoplastic. By way of 

25 example, this may be polyamide. The stator 2 and/or the 
rotor 3 are/ is expediently produced as aii injection- 
molded part. In one refinement, the conductor tracks 9 
are in the form of a stamped grid composed of metal. 
The stamped grid can then be sprayed into the plastic 

30 for the injection-molded part during the production of 
the stator 2. In this case, the magnetic field sensor 5 
may also be supported by the robust stamped grid, so 
that these conductor tracks 9 then form the part which 
is mounted in the stator 2 for arrangement of the 

35 magnetic field sensor 5. In another refinement, the 
conductor tracks 9 are incorporated in the stator 2 in 
the form of an MID (Molded Interconnected Device) 
component. For example, the conductor tracks may in 
this case be formed from metalized plastic, which is 
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also injected during the production of the injection- 
molded part for the stator 2, and/or which is 
subsequently electrochemically treated with metal. 

5 As can be seen in Figure 4, the magnetic field sensor 5 
is in the form of an encapsulated chip, to be precise 
in the form of an SMD (Surface Mounted Device) 
component. The chip has connections 11, which are in 
turn soldered to the conductor tracks 9 in order to 

10 make electrical contact. The magnetic field sensor 5 
may also just as well be in he form of an 
unencapsulated chip, as is shown in Figure 3, In this 
case, bonding wires 24 are used to make electrical 
contact with the conductor tracks 9, and are welded at 

15 one end to the chip and at the other end to the 
conductor track 9. The last-mentioned case offers in 
particular space- saving advantages over an encapsulated 
chip/ so that the rotary switch 1 may be designed to be 
even more compact . 

20 

The exterior of the stator 2 may be designed in the 
form of a housing 12, as can be seen in more detail in 
Figure 2. Latching and/or snap-action hooks 13 for 
mounting the stator 2 on a holder 14, which is shown in 

25 Figure 1, are arranged on the housing 12. The open side 
6 of the receptacle 8 in the stator 2 may expediently 
face the holder 14. The holder 14 is a printed circuit 
board, with the conductor tracks 9 in the stator 2 
making contact via the electrical connections 10 with 

30 associated conductor tracks on the printed circuit 
board. An electronic device 15, which is indicated only 
schematically in Figure 1, may be located on the 
printed circuit board, in order to evaluate the signals 
which are produced by the magnetic field sensor 5 . The 

35 printed circuit board, which is in the form of the 
holder 14, can also be provided with a panel for an 
electrical appliance or the like. If required, the 
holder 14 may itself also be used as a panel for the 
appliance. 
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As can be seen from Figure 1, the rotary switch 1 is 
equipped with a handle 16 as an operating device. The 
handle 16 allows the rotor 3 to be rotated manually. 
5 The handle 16 has a shaft 17 which is used for 
insertion of the handle 16 into a recess 18 which can 
be seen in Figure 2 and is located on the open side 6 
of the receptacle 8 in the rotor 3. The handle 16 is 
preferably located on that side of the holder 14 which 
10 faces away from the housing 12 . An opening 19 which 
correspc-^ds to the open side 6 of the receptacle 8 in 
the stator 2 is then located in the holder 14. The 
shaft 17 passes through this opening 19, for insertion 
into the recess 18. 

15 

A latching system, which is not shown in any more 
detail, for the switching position of the rotary switch 
1 can be provided in the panel on the electrical 
appliance, in which panel the handle 16 is arranged. 

2 0 However, the switching positions of the rotary switch 1 
are preferably provided by the rotation angle positions 
of the rotor 3 being in the form of latching positions, 
although this is likewise not shown in any more detail 
in the drawings. Furthermore, a conventional electrical 

25 switch, which is not shown in any more detail, can also 
be accommodated in the housing 12 of the rotary switch 
1, and is used as a mains switch for the electrical 
appliance. This mains switch can expediently likewise 
be switched by means of the handle 16. A rotary switch 

30 1 such as this can then be used not only to switch the 
mains voltage but also to produce signal voltages which 
correspond to the switching positions of the handle 16 
and which are used to initiate specific functions of 
the electrical appliance. 

35 

During the assembly of the rotary switch 1, the 
position of the magnet 4 with respect to the magnetic 
field sensor 5 is fixed. The signal which is emitted 
from the magnetic field sensor 5 in the rotation angle 
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positions of the rotor 3 depends on this position. It 
is admittedly often possible to adjust the null 
position for the magnetic field sensors 5 digitally, 
with an appropriate signal being applied after the 
5 installation of the magnetic field sensor 5, for 
zeroing. However, it would then be possible to 
reproduce reliably only a small number of switching 
positions owing to the tolerances which occur in the 
magrnetic field sensor 5 in conjunction with mechanical 

10 latching of the handle 16, of the shaft 17 and of the 
rotor 3. According to the invei lion, the magnet 4 is 
now arranged such that it can be moved with respect to 
the rotor 3 in order to adjust its position, in order 
to compensate for tolerances during assembly. This 

15 allows the position of the magnet 4 to be adjusted in 
one rotation angle position of the rotor 3, so that the 
magnetic field sensor 5 emits the signal which is 
associated with the null position. 

20 As can be seen in Figure 3, the magnet 4 is preferably 
mounted on the rotor 3 such that it can rotate, in 
order to adjust its position. A receptacle 20 which 
faces the magnetic field sensor 5 is located in the 
rotor 3, for this purpose. It is then also possible for 

25 an adjusting means to be arranged between the magnet 4 
and the rotor 3, in order to adjust the position of the 
magnet 4. The adjusting means is in the form of an 
intermediate piece 21, which is mounted on the rotor 3 
such that it can rotate in the receptacle 20. The 

3 0 magnet 4 is once again mounted on the intermediate 
piece 21. 

The magnet 4 is now accessible from the outside of the 
stator 2, and hence also from the outside of the 
35 housing 12, for adjustment. The receptacle 8 which is 
open on one side 6 is used for this purpose, and at the 
same time acts as a rotating bearing for the rotor 3 in 
the stator 2. In addition, there is an aperture 22 in 
the rotor 3 . The aperture 22 extends from that surface 
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of the rotor 3 which faces the open side 6 of the 
receptacle 8 to the magnet 4 and/or to the intermediate 
piece 21. A type of Torx, cruciform slot or similar 
receptacle 23 is located in the magnet 4 and/or in the 
5 intermediate piece 21, facing the aperture 21. This 
allows adjustment via the aperture 22 by means of a 
tool which engages in the receptacle 23, for example by 
means of a screwdriver. 

After assembly, the rotor 3 is moved to the null 
position. The tool is then used to rotate the magnet 4, 
with the rotor 3 fixed in the null position, for 
example by the latching system, until the magnetic 
field sensor 5 emits the signal which is associated 
with the null position. The adjusted position of the 
magnet 4 is then connected to the rotor 3, such that it 
cannot rotate. For this purpose, the magnet 4 and/or 
the intermediate piece 21 can be adhesively bonded, 
welded, cast or the like to the rotor 3 after 
adjustment. After this has been done, the handle 16 can 
then be inserted into the recess 18, after which the 
aperture 22 is closed. 

In another refinement, although this is not shown in 
2 5 any more detail in the drawings, the magnet 4 is not 
arranged on an intermediate piece 21. In this case, the 
magnet is composed of a material which has magnetic 
particles and plastic. This material is molded in the 
form of a body, which at the same time carries out the 
30 respective function of the magnet 4 and of the 
intermediate piece 21. A body such as this thus at the 
same time represents the intermediate piece 21 and the 
magnet 4, thus saving a portion of the production of 
the rotary switch 1. The body may be produced, for 
35 example, by injection-molding from this material. 

The invention is not restricted to the described and 
illustrated exemplary embodiment. Rather, it also 
covers all specialist developments within the scope of 
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the idea of the invention. The invention may thus be 
used not only for electrical rotary switches but also 
for angle and/or rotation encoders, for example for use 
on machine tools, in motor vehicles or the like. 
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List of reference symbols: 

1: Electrical rotary switch 

2: Stator 

3 : Rotor 

4 : Magnet 

5: Magnetic field sensor 

6,7: Side (of the stator) 

8: Receptacle (in the stator) 

9 : Conductor track 

10: Electrical connection (on the stator) 

11: Connection (of the magnetic field sensor) 

12 : Housing 

13: Latching/ snap-action hook 

14 : Holder 

15 : Electronics device 

16: Handle 

17: Shaft (on the handle) 

18: Recess (in the rotor for the shaft) 

19: Opening (in the holder) 

20: Receptacle (in the rotor for the magnet) 

21: Intermediate piece 

22 : Aperture 

23: (Torx/protof orm slot) receptacle 

24: Bonding wire 

25: Surface (in the receptacle) 

26: Latching element 



